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Abstract. The aim of the present study was to investigate the 
possible functions and mechanism of microRNA (miR)‑143 in 
cell proliferation of human nasopharyngeal carcinoma (NPC). 
The expression of miR‑143 in NPC cells and tissues was investi-
gated using reverse transcription‑quantitative polymerase chain 
reaction. Cell viability assay, colony formation assay and flow 
cytometry were used to examine the cell proliferative ability and 
tumorigenicity. The expression levels of p21Cip1, p27Kip1, cyclin 
D1, phosphorylated (p)‑retinoblastoma protein (Rb), Rb and 
cyclin‑dependent kinase (CDK) 6 were determined by western 
blotting. Luciferase assay was used to confirm whether CDK6 
was a direct target of miR‑143. miR‑143 was downregulated in 
NPC cell lines and tissues. Overexpression of miR‑143 in NPC 
CNE1 cells inhibited proliferation, tumorigenicity and cell 
cycle progression. Additionally, ectopic expression of miR‑143 
downregulated cyclin D1 and p‑Rb expression, and upregulated 
p21Cip1 and p27Kip1 expression, which subsequently inhibited 
NPC cell proliferation. It was also observed that CDK6 was a 
direct target of miR‑143, which downregulated CDK6 expres-
sion. CDK6 suppression by miR‑143 was associated with 
dysregulated expression of p21Cip1, p27Kip1, cyclin D1 and p‑Rb, 
thereby serving an essential role in NPC cell growth. Our find-
ings suggest that miR‑143 inhibits proliferation by targeting 
CDK6, and may aid to identify new targets for anti‑oncomiRs.

Introduction

Nasopharyngeal carcinoma (NPC) is the most common 
malignant tumor in South China  (1). The majority of 

studies have reported that the etiologic factors of NPC are 
associated with genetic susceptibility, Epstein‑Barr virus 
infection and other environmental factors (2,3). However, 
the exact genetic changes, such as in microRNAs (miRNAs 
or miRs), that influence NPC progression remain largely 
unknown.

miRNAs are small non‑coding RNAs of 20‑22 nucleo-
t ides in length. miRNAs are recognized as novel 
markers that are important in multiple biological func-
tions of various human cancers, including cell growth, 
migration, differentiation, apoptosis, metastasis and angio-
genesis (4‑6). miRNAs negatively regulate gene expression 
levels post‑transcriptionally by targeting the 3'‑untrans-
lated region (UTR) of messenger RNAs (mRNAs) in a 
sequence‑specific manner (7,8). Based on previous studies 
on the regulation of miRNAs in the biological progression 
of multiple cancers, miRNAs are presently considered as 
potential novel targets for anti‑cancer therapies (5,9,10).

miR‑143 is located on chromosome 5q32, and its 
expression is decreased in a variety of tumors. As a 
tumor‑suppressor gene, miR143 expression is negatively 
correlated with malignant processes and patient's survival, 
since it inhibits cell proliferation, migration and metas-
tasis  (11‑16). However, the mechanism that explains the 
regulation of cell proliferation in NPC by miR‑143 remains 
unknown.

The present study noticed low miR‑143 expression in 
NPC specimens and NPC cell lines. These results suggest 
that miR‑143 affects tumor proliferation, invasion and 
metastasis, and that miR‑143 is associated with NPC devel-
opment. It was also observed that miR‑143 targeted the 
oncogene cyclin‑dependent kinase (CDK) 6 directly, down-
regulating it, and that CDK6 is essential for the regulation 
of miR‑143 in NPC cells in vitro. Our study demonstrates 
that miR‑143 inhibits cell proliferation and tumorigenicity 
in NPC by targeting CDK6 and suppressing its expression.

Materials and methods

NPC cell lines and treatments. The NPC cell lines CNE1, 
CNE2, 6‑10B, 5‑8F and HONE1 were obtained from the 
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American Type Culture Collection (Manassas, VA, USA) 
and cultured in Dulbecco's modified Eagle's medium 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 10% fetal bovine serum (HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) and 1% 
penicillin/streptomycin. All cells were maintained in a 
humidified atmosphere at 37˚C with 5% CO2. NP69 cells 
(used as control) were kindly offered by Professor Libing 
Song (State Key Laboratory of Oncology in Southern China, 
Sun Yat‑sen University, Guangzhou, China and Department 
of Experimental Research, Sun Yat‑sen University Cancer 
Center, Guangzhou, China). The miR‑143 mimic, miR‑143 
mimic mutant (miR‑143‑mut), miR‑143 inhibitor and nega-
tive control (NC) miRNA were purchased from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). For silencing CDK6 
expression, a specific small interfering siRNA (siRNA) was 
synthesized and purified by Guangzhou RiboBio Co., Ltd. 
Transfection of oligonucleotides and siRNA was performed 
using Lipofectamine  2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol.

NPC specimens. Eight pairs of snap‑frozen NPC and adjacent 
tissue were collected from patients undergoing curative resec-
tion and diagnosed histopathologically at PLA421 Hospital 
(Guangzhou, China) from 2006 to 2010. The present study was 
conducted on eight pairs of NPC tumors and matched normal 
tissue from adjacent regions, which were diagnosed histo-
pathologically by experienced pathologists. All samples were 
immediately frozen and stored in liquid nitrogen until further 
analysis. All samples were obtained with informed consent 
and approved by the Institutional Research Ethics Committee 
of PLA421 Hospital.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from the cultured cells using TRIzol (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. RT‑qPCR was performed using SYBR 
Green I Nucleic Acid Gel Stain (Invitrogen; Thermo Fisher 
Scientific, Inc.) in an ABI 7500 Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Gene 
expression data were normalized to the geometric mean 
of the β‑actin housekeeping gene to control for variability 
in the expression levels, and calculated as 2‑[(Cq of gene)‑(Cq of 

β‑actin)], where Cq represents the quantification cycle for each 
transcript. The primers selected were as follows: p21Cip1 
forward 5'‑CGA​TGC​CAA​CCT​CCT​CAA​CGA‑3', p21Cip1 
reverse 5'‑TCG​CAG​ACC​TCC​AGC​ATCCA‑3', p27Kip1 
forward 5'‑TGC​AAC​CGA​CGA​TTC​TTC​TAC​TCAA‑3', 
p27Kip1 reverse 5'‑CAA​GCA​GTG​ATG​TAT​CTG​ATA​AAC​
AAGGA‑3', cyclin D1 forward 5'‑AAC​TAC​CTG​GAC​CGC​
TTCCT‑3', cyclin D1 reverse 5'‑CCA​CTT​GAG​CTT​GTT​
CACCA‑3', β‑actin forward 5'‑TGG​CAC​CCA​GCA​CAA​
TGAA‑3' and β‑actin reverse 5'‑CTA​AGT​CAT​AGT​CCG​
CCT​AGA​AGCA‑3'.

Western blotting. Cell lysates were extracted using radioim-
munoprecipitation assay buffer [50 mM Tris‑Hcl (pH 8.0), 
150 mM NaCl, 1% Triton X‑100 and protease inhibitor cocktail; 

Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany]. 
Equal amounts of protein (40 µl) were separated by 12% 
SDS‑PAGE and transferred onto polyvinylidene fluoride 
membranes. The membranes were blocked using 5% non‑fat 
milk, and probed with antibodies against cyclin D1 (1:1,000; 
cat. no. ab134175), p21Cip1 (1:1,000; cat. no. ab109520), p27Kip1 
(1:1,000; cat. no.  ab32034), retinoblastoma protein (Rb) 
(1:1,000; cat. no. ab181616), phosphorylated (p)‑Rb (1:1,000; 
cat. no. ab47763) and CDK6 (1:1,000; cat. no. ab124821; all 
Abcam, Cambridge, UK) for 2 h at room temperature. After 
washing three times with TBST for 5 min each, the membranes 
were incubated with the secondary antibody (1:5,000; cat. 
nos. A9169 and A9044; Sigma‑Aldrich; Merck Millipore) for 
1 h at room temperature. After washing the membranes with 
TBST three times for 5 min each, the membranes were stripped 
and reprobed with anti‑β‑actin mouse monoclonal antibody 
(1:1,500; cat. no. A5441; Sigma‑Aldrich; Merck Millipore) as 
a loading control. The Immobilon Western Chemiluminescent 
HRP Substrate (Merck Millipore) was used to visualize the 
bands. 

MTT assay. MTT assay was performed to quantify NPC 
cell viability. Cells were stained with 100 µl sterile MTT 
(0.5  mg/ml; Sigma‑Aldrich; Merck Millipore) for 4  h at 
37˚C. The culture medium was then removed and formazan 
crystals in the cells were solubilized using dimethyl sulfoxide 
(Sigma‑Aldrich; Merck Millipore) with plate incubation for 
30 min. Cells were incubated for 36 h at 37˚C in a humidified 
5% CO2 atmosphere. Absorbance was measured at a 490‑nm 
wavelength. The experiments were performed independently 
in triplicate.

Colony formation assay. Cells were seeded on a 6‑well plate 
(1.0x103 cells/well) and cultured for 10 days. Colonies were 
fixed for 5 min with 10% formaldehyde and stained with 1.0% 
crystal violet for 1 min. The experiments were performed 
independently in triplicate.

Flow cytometry. Cells were harvested by trypsinization, 
washed in ice‑cold PBS and fixed in 75% ice‑cold ethanol. 
Cells were then treated with bovine pancreatic RNAase 
(2 µg/ml; Sigma‑Aldrich; Merck Millipore) at 37˚C for 30 min, 
followed by incubation with propidium iodide (20 µg/ml; 
Sigma‑Aldrich; Merck Millipore) for 20 min. Cell cycle anal-
ysis was determined using an LSR II flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) with FACSDiva 6.0 
software (BD Biosciences).

Luciferase assay. The region of the human CDK6 3'‑UTR 
containing miR‑143 binding site was amplified by PCR from 
genomic DNA and cloned into the pGL3 vector (Promega 
Corporation, Madison, WI, USA) using Sac  II and Pst  I 
restriction enzymes. The primers used were as follows: 
CDK6 3'UTR upstream, 5'‑TCC​CCG​CGG​AAA​TGC​AGC​
TGT​TCT​GAA​CTG​G‑3' and downstream, 3'‑AAC​TGC​
AGA​AAT​GCC​CTA​ACG​GCA​AGA​C‑5'. The cycling 
conditions were as follows: Initial denaturation at 94˚C for 
5 min; followed by 35 cycles of denaturation at 94˚C for 
15 sec, annealing at 60˚C for 45 sec and elongation at 72˚C 
for 30 sec; and finally elongation at 72˚C for 5 min. Cells 
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were seeded in triplicate in a 24‑well plate and allowed to 
settle for 24 h. pGL3‑CDK6‑luciferase plasmid (100 ng) 
was transfected into CNE1 cells using Lipofectamine 2000 
reagent. Luciferase, and control signals were measured at 
48 h after transfection using the Dual‑Luciferase Reporter 
Assay System (Promega Corporation), according to the 
protocol provided by the manufacturer.

Statistical analysis. Statistical analyses were performed using 
SPSS 20.0 software (IBM SPSS, Armonk, NY, USA). The 
Student t‑test was used to evaluate significant differences 
between two groups of data in all relevant experiments. All 
results are presented as means ± standard deviation. P<0.05 
(two‑tailed paired t‑test) was considered to indicate a statisti-
cally significant difference.

Results

miR‑143 is downregulated in NPC cell lines and clinical 
tissues. RT‑qPCR revealed that miR‑143 was markedly 
downregulated in all five NPC cell lines compared with the 
control cell line (NP69) (Fig. 1A). Furthermore, miR‑143 
was significantly downregulated in eight NPC tumor tissues 
compared with the control tissues (Fig. 1B). Taken together, 
these data demonstrate that miR‑143 expression is decreased 
in NPC tissues and cell lines.

Ectopic miR‑143 regulates NPC cell proliferation. To 
explore the biological function of miR‑143 in NPC progres-
sion, miR‑143 expression was determined by RT‑qPCR in 
CNE1 cells transfected with miR‑143 mimic and inhibitor 
(Fig. 2A). Cell viability was then measured by MTT assay, 
revealing that miR‑143 overexpression decreased the CNE1 
cell growth rate, while inhibiting miR‑143 expression 
increased it (Fig. 2B). The colony formation assay demon-
strated that miR‑143 upregulation inhibited the colony 
formation capacity of CNE1 cells, while miR‑143 down-
regulation promoted it (Fig. 2C). Flow cytometry revealed 
decreased miR‑143 expression in the S phase compared 
with that observed in the control cells (Fig. 2D). Collec-
tively, these results suggest that downregulation of miR‑143 
enhances NPC cell proliferation.

CDK6 is a direct target of miR‑143 in NPC cells. miRNAs 
regulate mRNAs by targeting their 3'‑UTRs. Thus, TargetScan 
(www.targetscan.org/), PicTar (http://pictar.mdc‑berlin.de/) 
and miRanda (http://www.microrna.org/microrna/home.do) 
were used to predict the potential targets of miR‑143 in humans. 
The analysis revealed a miR‑143 binding site in the CDK6 
mRNA 3'‑UTR (Fig.  3A). As predicted, western blotting 
revealed that miR‑143 downregulated CDK6 expression in 
CNE1 cells, and that miR‑143 inhibition upregulated it (Fig. 3B). 
To confirm the direct regulation of CDK6 by miR‑143, a 
pGL3‑CDK6‑3'‑UTR‑luciferase reporter vector containing 
the miR‑143 binding site was constructed. The luciferase 
assay demonstrated that ectopic miR‑143 expression decreased 
the luciferase activity, and that miR‑143 downregulation 
increased the pGL3‑CDK6‑3'‑UTR‑luciferase reporter 
activity. By contrast, in our control experiment, mutant 
miR‑143 had no effect on the luciferase expression driven by 
the pGL3‑CDK6‑3'‑UTR‑luciferase reporter vector (Fig. 3C). 
Collectively, these results suggest that miR‑143 directly targets 
CDK6 in NPC cells.

Our results reveal that miR‑143 may regulate NPC cell 
proliferation. Subsequently, its effects on the expression level of 
genes associated with the cell cycle and cell proliferation were 
evaluated. It was observed that the mRNA levels of p21Cip1 and 
p27Kip1 were significantly upregulated, while those of cyclin D1 
were significantly downregulated (Fig. 3D). Furthermore, the 
protein expression levels of p21Cip1 and p27Kip1 were upregu-
lated, while those of cyclin D1 were downregulated, and p‑Rb 
was decreased in miR‑143‑overexpressing cells compared 
with NC cells. By contrast, the expression levels of p21Cip1 and 
p27Kip1 were downregulated, while cyclin D1 was upregulated 
and Rb phosphorylation was increased in cells transfected with 
miR‑143 inhibitor (Fig. 3E). These results further confirm that 
miR‑143 is important in NPC cell proliferation by regulating 
CDK6 and certain cell cycle‑related regulators.

Clinical relevance of miR‑143 downregulation and CDK6 
expression in NPC. To examine the clinical association between 
miR‑143 and CDK6, miR‑143 levels and CDK6 expression 
were examined in eight fresh clinical NPC tissue samples. 
Statistical analysis demonstrated that miR‑143 expression was 
inversely correlated with CDK6 (r=‑0.63, P=0.035; Fig. 3F).

Figure 1. miR‑143 is downregulated in nasopharyngeal carcinoma. (A) RT‑qPCR analysis of miR‑143 expression in CNE1, CNE2, 6‑10B, 5‑8F and NP69 
(control) cells. (B) RT‑qPCR analysis of miR‑143 expression in eight paired cancerous tissues and their adjacent noncancerous tissues. Each bar represents the 
mean ± standard deviation of three independent experiments. *P<0.05. miRNA, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain 
reaction; T, tumor; ANT, adjacent non‑tumor.

  A   B
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CDK6 suppression is essential for miR‑143‑mediated effects 
in NPC. As reported above, miR‑143 targeting of CDK6 
was closely correlated with cell proliferation. Therefore, 
endogenous CDK6 expression was suppressed for further 
investigation. Cell proliferation was analyzed using MTT and 
colony formation assays to further confirm the link between 
miR‑143 and the suppression of CDK6 in NPC cells. CDK6 
was downregulated in miR‑143 inhibitor‑transfected cells 
that contained CDK6 siRNA (Fig. 4A). The MTT and colony 
formation assays indicated that CDK6 suppression decreased 
the growth rate of NPC cells transfected with miR‑143 inhibitor 
(Fig. 4B and C). These data confirmed that miR‑143 inhibits 
NPC cell proliferation and tumorigenicity by downregulating 
CDK6 expression, and that CDK6 suppression is essential for 
the miR‑143‑mediated effects on NPC cell proliferation.

Discussion

The present study evaluated the function of miR‑143 in NPC. 
In the current study, miR‑143 was significantly downregulated 
in NPC cells and tumor tissues compared with control cells and 
adjacent regions tissues. Furthermore, ectopic miR‑143 regulated 

NPC cell proliferation in vitro. It was also demonstrated that 
CDK6 is a direct target of miR‑143, and that it was downregulated 
through its 3'‑UTR. Importantly, miR‑143 decreased the expres-
sion of the cell cycle regulators cyclin D1 and CDK6, inhibited 
Rb phosphorylation, and increased the expression of p21Cip1 and 
p27Kip1. These results suggest that miR‑143 may be important in 
inhibiting NPC carcinogenesis, progression and cell cycle.

Previous studies have shown that increasing the expression 
levels of the cell cycle inhibitors p21Cip1 and p27Kip1 and decreasing 
the expression levels of the cell cycle regulator cyclin D1 leads 
to G1/S arrest (17). CDK6 is an important cell cycle regulatory 
factor (18), and is a member of the cyclin D family of proteins, 
which are responsible for early G1 regulation. In the early phase 
of the cell cycle, G1 transition is mainly regulated by cyclin D1 
complexed with CDK4 and/or CDK6 (19).

miRNA regulation of CDK6 has been reported elsewhere. 
For example, Wang et al observed that miR‑320c inhibited the 
tumorous behavior of bladder cancer by targeting CDK6 (20). 
Furthermore, it has been reported that miR‑145, miR‑504 and 
miR‑105 all directly target CDK6 and regulate endogenous 
CDK6 expression in cancer cells. Suppressing these miRNAs 
resulted in increased CDK6 and affected cell growth (21‑23). 

  A   B

  D

  C

Figure 2. miR‑143 affects nasopharyngeal carcinoma cell proliferation and tumorigenicity. (A) Reverse transcription‑quantitative polymerase chain reaction 
determination of miR‑143 expression level in CNE1 cells transfected with miR‑143 mimic or inhibitor, or with negative control. (B) MTT assay analysis of 
the effect of miR‑143 overexpression or downregulation on the relative CNE1 cell viability. (C) Colony formation assay analysis of CNE1 cells. (D) Flow 
cytometry analysis of the effect of miR‑143 on cell cycle progression. Bars represent the mean ± standard deviation of three independent experiments. *P<0.05. 
miRNA, microRNA; NC, negative control; in, inhibitor; mRNA, messenger RNA.
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Figure 3. CDK6 is a direct target of miR‑143. (A) Sequence alignment of miR‑143, miR‑143 mutant and putative CDK6 3'‑UTR, and miR‑143 binding sites. 
(B) Western blotting analysis of CDK6 expression levels in nasopharyngeal carcinoma cell lines overexpressing miR‑143 or treated with miR‑143 inhibitor 
compared with control cells. (C) CDK6 luciferase reporter activity in CNE1 cells transfected with miR‑143 mimic, miR‑143 mutant, miR‑143 inhibitor or 
negative control. (D) RT‑qPCR analysis of p21, p27 and cyclin D1 mRNA expression in CNE1 cells. (E) Western blot determination of p21, p27, cyclin D1, p‑Rb 
and Rb expression in CNE1 cells. (F) RT‑qPCR and western blot analysis of miR‑143 and CDK6 expression, respectively. The bottom panel depicts the results 
of the statistical analysis of the correlation between miR‑143 and CDK6 expression levels. Bars represent the mean ± standard deviation of three independent 
experiments. *P<0.05. miR, microRNA; CDK, cyclin‑dependent kinase; UTR, untranslated region; NC, negative control; mut, mutant; in, inhibitor; mRNA, 
messenger RNA; Rb, retinoblastoma protein; p‑, phosphoryulated; T, tumor; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Figure 4. miR‑143 enhances nasopharyngeal carcinoma cell proliferation by suppressing CDK6. (A) Western blotting determination of CDK6 expression levels 
in miR‑143 inhibitor‑transfected CNE1 cells transfected with CDK6 siRNA. (B) MTT assay of the relative cell viability of CDK6‑silenced cells. (C) CNE1 
cell colonies formed following treatment with CDK6‑siRNA. Error bars represent the mean ± standard deviation of three independent experiments. *P<0.05. 
CDK, cyclin‑dependent kinase; NC, negative control; in, inhibitor; siRNA, small interfering RNA; miRNA, microRNA.
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Recent studies revealed that miR‑143, as a tumor suppressor, 
targeted the 3'‑UTR of KRAS, c‑Myc and GLI family zinc 
finger 3, which regulate cell DNA damage repair, cell adhesion 
ability and cell migration in NPC, respectively (11,24,25). In 
the present study, CDK6 was identified to be a direct target 
of miR‑143, which downregulates its expression. These results 
support the hypothesis that miR‑143 regulates cell prolifera-
tion by targeting the cell cycle regulator CDK6 and affecting 
cell function. Furthermore, consistent with previous studies, 
CDK6 regulation by specific miRNAs is essential in tumor 
development and progression.

It has also been shown that cell cycle inhibitors block the 
proliferation of adult stem cells in multiple tissue types. For 
example, p21Cip1 and p27Kip1 may control self‑renewal of neural, 
intestinal and hematopoietic progenitors (26,27). Consistent 
with those studies, the present study demonstrated that ectopic 
miR‑143 expression inhibited cyclin D1 expression and 
induced p21Cip1 and p27Kip1 expression.

In summary, the present study reports for the first time an 
important link between miR‑143 and CDK6 in NPC progression. 
miR‑143 regulates NPC cell proliferation by downregulating 
CDK6. These results suggest that miR‑143 is an anti‑oncogene 
and may represent a potential therapeutic target for NPC.
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